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Abstract
Background  Concussion pre-injury (i.e., baseline) assessments serve as a benchmark comparison point in the event an indi-
vidual sustains a concussion and allows clinicians to compare to post-injury measures. However, baseline assessments must 
reflect the individual’s true and most optimized performance to serve as a useful comparison. Mental fatigue and motivation 
throughout baseline testing may alter individual assessment performance, indicating an order of administration (OoA) may 
play an influential role in assessment outcomes.
Objective  To examine the influence concussion baseline battery OoA has on symptom, postural stability, cognitive screen-
ing, and computerized neurocognitive test outcomes.
Methods  We employed a retrospective observational cohort study to examine healthy collegiate student-athletes and military 
cadets (n = 2898, 19.0 ± 1.4 years, 66.1% male, 75.6% white, 54.4% Division-I) baseline assessment performance on the 
Sport Concussion Assessment Tool (SCAT; total symptom number and severity), Balance Error Scoring System (BESS; total 
error scores), Standardized Assessment of Concussion (SAC; total score), and Immediate Post-Concussion Assessment and 
Cognitive Testing (ImPACT) domain scores (verbal and visual memory, visual-motor speed, reaction time). Assessments 
were binned to beginning, middle, or end tertiles based upon OoA. We used one-way ANOVAs with Tukey post-hoc t tests, 
95% confidence intervals (CI), and Cohen’s d effect sizes for significant models (α = 0.05).
Results  SCAT total symptom number (mean difference = 2.23; 95% CI 1.76–2.70; d = 0.49, p < 0.001) and severity (mean 
difference = 5.58; 95% CI 4.42–6.74; d = 0.50; p < 0.001) were lower when completed at the end of baseline testing compared 
to the middle. Total BESS errors were 1.06 lower when completed at the middle relative to the end (95% CI 0.43–1.69; 
d = 0.17; p = 0.001). Total SAC scores were better at the beginning relative to middle (mean difference = 0.58; 95% CI 
0.25–0.90; d = 0.33; p < 0.001) and end (mean difference = 0.44; 95% CI 0.16–0.73; d = 0.24; p = 0.001). Verbal memory, 
visual memory, and reaction time performance were highest at the beginning (p ≤ 0.002), while visual-motor speed perfor-
mance was highest at the middle (p = 0.001).
Conclusion  Completing baseline assessments in the order of (1) ImPACT, (2) SAC, (3) BESS, and (4) SCAT symptom 
checklist may improve performance across assessments collectively. Clinicians and researchers should consider completing 
baseline assessments in this order when possible to potentially aid in optimizing concussion baseline assessment performance 
and maximize post-concussion comparisons.
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Key Points 

Completing baseline assessments in the order of (1) 
ImPACT, (2) SAC, (3) BESS, and (4) SCAT symptom 
checklist may slightly improve performance across 
assessments jointly.

Completing baseline concussion assessments in this 
order is an easily implementable technique to potentially 
assist in improving baseline performance.

Clinicians and researchers should aim to reduce con-
founding factors to baseline performance where possible, 
with baseline order of administration being one of the 
numerous factors to control.

1  Introduction

Concussion is a complex and diffuse brain injury frequently 
occurring in sport across all levels of participation [1, 2]. 
Symptom, postural stability, and computerized neurocog-
nitive testing assessments are key elements for optimal 
diagnosis and monitoring recovery [3, 4]. Each assessment 
serves a unique purpose in identifying the diverse post-con-
cussion impairments, and when used in conjunction, these 
three assessment domains provide the strongest diagnostic 
accuracy to date [5–7]. Pre-injury baseline measures are 
frequently employed in sport [8] and military settings [9] 
to serve as a healthy comparison point in case of a future 
concussion [7, 10]. When used in this manner, it is impera-
tive that baseline performance is optimized, but numerous 
confounders exist [11–14].

Previous work has identified several modifiable and non-
modifiable factors that augment baseline concussion assess-
ment performance. Factors such as group test setting [12], 
supervision [15], sleep [16], motivation [17], effort [13], and 
physical [18] and mental fatigue [19] can all be modified 
to maximize performance, while concussion history [11], 
biological sex [11], and age [20] cannot. Not accounting 
for modifiable factors may reduce peak effort and conse-
quently produce a sub-optimal performance that can result 
in improper post-injury conclusions [13]. One unexplored 
and feasible consideration that could be modified to optimize 
baseline performance is the order of administration (OoA) 
assessments are applied. Yet, no information exists about 
how OoA might influence concussion baseline assessment 
performance.

The OoA is not standardized in concussion research and 
may result in sub-optimal test performance at baseline and 

post-injury. Randomizing OoA would likely have adverse 
effects as it would not eliminate or control for an OoA effect. 
Traditional neuropsychology work has examined and identi-
fied the OoA can greatly alter each assessment within a clini-
cal battery [21–23], but has never been explored among con-
cussion assessments. Determining a favorable concussion 
OoA may be advantageous for more stable outcome score 
performance and fewer invalid tests. Identifying the role of 
OoA may provide greater stability to assessment scores and 
optimal post-concussion comparison.

Mental fatigue is a commonly occurring phenomenon 
during the sustained cognitive engagement that negatively 
impacts task performance and grows in deleterious effect 
as time goes on [24, 25]. It is plausible that the time and 
complexity demand needed for thorough concussion base-
lines may inadvertently induce performance declines. For 
example, mental fatigue may disproportionately influence 
computerized neurocognitive performance or cognitive 
screening assessments due to sustained cognitive engage-
ment. Similarly, symptom checklists presumably may also 
be prone to adverse effects after sustained cognitive activity 
due to checklists inquiring about drowsiness, fatigue, feeling 
slowed down, and difficulty concentrating or remembering. 
These cumulative speculations highlight the limited under-
standing of how baseline assessments may be adversely 
affected by OoA.

The purpose of our study was to examine the influence 
baseline concussion battery OoA has on symptom, postural 
stability, cognitive screening, and computerized neurocog-
nitive test outcomes among collegiate student-athletes and 
military cadets. We hypothesized that (1) participants would 
perform worse on computerized neurocognitive testing, a 
cognitive screening assessment, and symptom reporting 
when administered later (i.e., middle or end) in the baseline 
battery compared to earlier (i.e., beginning or middle) in 
the battery and (2) postural stability would not differ based 
on battery order.

2 � Methods

This study was part of the National Collegiate Athletic 
Association—Department of Defense Concussion Assess-
ment, Research and Education (CARE) Consortium, a study 
aimed at examining the effects of concussion in collegiate 
student-athletes and the United States military cadets. We 
examined student-athletes and military cadets who com-
pleted previously described baseline testing [9] between 
Fall 2014 and Fall 2017. This study is reported in accord-
ance with Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines [26]. The 
United States Army Medical Research and Materiel Com-
mand Human Research Protection Office, the University 
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of Michigan Institutional Review Board, and each CARE 
consortium sites’ Institutional Review Board reviewed all 
study procedures. All participants provided written informed 
consent prior to participation.

2.1 � Participants

The initial sample of 47,400 baseline cases (not individual 
participants) from collegiate student-athletes and military 
cadets were examined for eligibility, with 2898 individual 
baselines from one participant each meeting inclusion cri-
teria (Table 1). A flowchart outlining sample exclusion 
is presented in Fig. 1. Participants were excluded if they 
self-reported a moderate or severe traumatic brain injury 
history, brain surgery history, English was not their pri-
mary language, or any disorder in the following categories: 
attentional deficit hyperactivity disorder (ADHD), learning 
disability, psychiatric, bipolar, depression, schizophrenic, 
balance, or sleep. Participants often completed a baseline 
assessment each year as part of the CARE Consortium, 
but only their first baseline assessment was included to 
ensure the independence of observations. Participants were 
included if they completed all baseline assessment compo-
nents in a single testing session [9], had OoA assessment 
records completed, and computerized neurocognitive test-
ing was completed and indicated as valid via the Immedi-
ate Post-Concussion Assessment and Cognitive Testing 
(ImPACT) [9].

2.2 � Baseline Assessments

The CARE Consortium concussion baseline assessments 
conducted have been previously described elsewhere [9]. 
In brief, baseline concussion assessments were conducted 
using current evidence-based [3] assessments: the Sport 
Concussion Assessment Tool 3rd edition (SCAT) symp-
tom inventory, the Balance Error Scoring System (BESS), 
the Standardized Assessment of Concussion (SAC), and 
the Immediate Post-Concussion Assessment and Cogni-
tive Testing (ImPACT). The test–retest reliability of these 
assessments within these CARE Consortium data have been 
thoroughly described in a previous manuscript [27]. Addi-
tionally, a detailed demographic and health history case 
report form and the Brief Symptom Inventory (BSI)-18 were 
completed across all CARE Consortium sites [9], but are not 
reported or analyzed here as they are not yet commonly rec-
ommended or employed for concussion assessment in clini-
cal practice [3, 8]. Therefore, a minimum of 6 assessments 
(SCAT, BESS, SAC, ImPACT, BSI-18, demographic, and 
health history form) were completed by each participant.

We examined the SCAT symptom inventory total symp-
tom severity score and total symptom score [28, 29]. SCAT 
total symptom severity consisted of rating each of the 22 

symptoms on a 6-point Likert scale (0–132 score range) 
with a higher score indicating greater symptom severity. 
The SCAT total symptom number consisted of counting 
each of the 22 symptoms listed if participants scored that 

Table 1   Participant demographics (n = 2898)

CARE Concussion Assessment, Research and Education, NCAA​ 
National Collegiate Athletic Association
a Only includes student-athletes who reported ≥ 1 previous concussion

Frequency (%)

Sex (male) 1917 66.1%
Concussion history (≥ 1) 545 18.8%
Race
 White 2192 75.6%
 Black/African American 251 8.7%
 Multiple races 224 7.7%
 Asian 131 4.6%
 Unknown/skipped 62 2.1%
 Other 38 1.3%
 Number of CARE consortium sites 27 90.0%

NCAA division
 Division I 1577 54.4%
 Division II 979 33.8%
 Division III 342 11.8%

Sport
 Military cadet—club, company athletics, 

intramural
721 24.9%

 Military cadet—non-sport 377 13.0%
 Football 352 12.1%
 Cross country/track/field 302 10.4%
 Soccer 153 5.3%
 Swimming/diving 138 4.8%
 Basketball 130 4.5%
 Baseball 126 4.3%
 Rowing/crew 93 3.2%
 Softball 73 2.5%
 Lacrosse 67 2.3%
 Other 51 1.8%
 Tennis 48 1.7%
 Volleyball 47 1.6%
 Water polo 42 1.4%
 Ice hockey 40 1.4%
 Field hockey 38 1.3%
 Cheerleading 38 1.3%
 Golf 31 1.1%
 Wrestling 31 1.1%

Mean Std
Age (years) 18.95 1.39
Mass (kg) 75.88 16.22
Height (cm) 176.76 10.24
Concussion Historya 1.33 0.68
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symptom ≥ 1 (0–22 score range), with a higher score indicat-
ing greater symptom presence.

Participants completed the BESS assessment in three 
stances (double limb, single limb, and tandem limb) across 
two conditions (firm and foam surface) for 20 s each. Par-
ticipants completed testing with their eyes closed and body 
in standardized positions. Deviations from the starting posi-
tions during trials were counted (max 10 each condition) 
as described in detail elsewhere [30]. The BESS total error 
scores were examined and calculated by summing the errors 
from all six trials, with a higher score indicating poorer bal-
ance performance (0–60 score range).

The SAC is a reliable and valid cognitive screening 
assessment frequently employed in sport [31, 32]. The 
SAC assesses the following cognitive domains: orientation 
(5-items), immediate memory (15-items), concentration 
(5-items), and delayed memory recall (5-items). A point is 
given for each item answered correctly, with a higher score 
indicating better performance. The SAC total score was 
examined (0–30 score range).

We examined ImPACT performance to examine general 
neurocognitive function since 90% (27/30) of CARE Con-
sortium sites employed this reliable and valid assessment 
[27, 33]. The ImPACT composite scores (verbal memory, 
visual memory, visual-motor speed, and reaction time) 
were calculated as previously described [34], with higher 
composite scores indicating better performance, with the 
exception of reaction time. A higher reaction time composite 
score(s) indicates worse performance (i.e., more time needed 
to respond).

2.3 � Baseline Assessment Order of Administration

No pre-determined testing order was mandated by the 
research protocol, resulting in numerous OoAs across 
CARE Consortium sites, as determined by the individual 
sites and test administrators. The OoA for all baseline 

assessments was recorded by the test administrator dur-
ing the examination. All described baseline assessments, 
including the demographic and health history case report 
form and BSI-18, were utilized to determine the OoA. To 
ensure proper data entry and participant inclusion, only 
cases with complete OoA records were included. The 
OoA data were deemed unreliable, and therefore that 
case excluded if any baseline assessment OoA record was 
not entered or was greater than the max number of base-
line assessments administrated (e.g., recorded as the 6th 
completed baseline assessment but only five assessments 
were completed), which indicated incomplete or inaccu-
rate records. For example, if a participant completed five 
assessments (range = 5) but the BESS assessments cor-
responding OoA record (1–5) was missing or fell outside 
this range (< 1 or > 5), the participant was excluded. It 
is important to note the battery order was not an a priori 
CARE Consortium research aim, which resulted in a large 
number of cases being excluded due to incomplete or inva-
lid baseline OoA provided (Fig. 1).

Assessments were categorized into beginning (0–33%), 
middle (34–66%) and end (67–100%) based upon when 
the individual assessment was administered that day and 
divided by the relative total number of assessments an 
individual completed to understand how OoA influences 
the outcome score. For example, completing the BESS as 
the second assessment out of five total, it would be clas-
sified as being completed in the middle (two divided by 
five; 40%). Binning was required due to some additional 
baseline assessments being employed in an inconsistent 
OoA across CARE sites [9], such as the vestibular ocu-
lar motor screening (VOMS) [35, 36], clinical reaction 
time measure [37, 38], or King-Devick test [39, 40]. These 
additional items however were completed among only 286 
(9.9%) included participants. Tertile bins were employed 
to provide an understanding of OoA while maintaining 
statistical power across each level.

Fig. 1   Participant inclusion flowchart
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2.4 � Statistical Analysis

Descriptive statistics for participant demographics and 
OoA were calculated. One-way ANOVA models were 
employed to examine how OoA (beginning, middle, end) 
influenced SCAT, BESS, SAC, and ImPACT outcomes, 
with Tukey adjusted post-hoc t-tests conducted to examine 
all group level differences. Sex was considered a priori as 
a covariate because sex distributions could differ between 
OoA groups and it was not feasible nor logical to exclude 
a certain sex. Preliminary chi-square tests were not sta-
tistically different for sex and administration frequencies 
for baseline assessment (p ≥ 0.137) and therefore was 
not included in the ANOVA models. Some assessments 
OoA levels had insufficient sample size (n < 100) to allow 
optimal statistical power for group comparisons and were 
therefore dropped from analysis and the two remaining 
levels were examined using independent t tests. Cohen’s 
d effect sizes and mean difference 95% confidence inter-
vals (CI) were calculated between each assessment group 
level. Cohen’s d effect sizes were interpreted according 
to conventional statistical guides with ≤ 0.20, 0.21–0.79, 
and ≥ 0.80 used as thresholds for small, medium, and large 
magnitude effects, respectively [41]. Linearity, normality, 
equal variance, and influential outliers were assessed, with 
no violations present. All statistical analyses were con-
ducted using the R Project for Statistical Programming (v 
3.4.3, Murray Hills, NJ, USA) [42] and α = 0.05 a priori.

3 � Results

A total of 2,898 participants across 27 of 30 (90%) of 
participating CARE Consortium sites met inclusion cri-
teria. Participant demographics are presented in Table 1. 
The frequencies and percentages of baseline assessments 
across OoA are presented in Table 2, and all means, stand-
ard deviations, and statistical model parameters are pre-
sented in Table 3.

3.1 � SCAT Symptom Checklist Order 
of Administration

Only 32 (1.1%) participants completed the SCAT symptom 
checklist at the beginning OoA level and were excluded 
from the statistical model, but descriptive statistics are 
reported in Table 3. The SCAT total symptom number and 
total symptom severity were examined via independent 
t tests. Total symptom number was significantly differ-
ent between OoA (p < 0.001), with SCAT total symptom 
decreasing by 2.23 (95% CI 1.76–2.70; d = 0.49) with a 
medium effect size when completed at the end of base-
line testing compared to the middle (Table 3 and Fig. 2A). 
Total symptom severity was similar with significantly 
decreased severities at the end of baseline testing relative 
to the middle (mean difference = 5.58; 95% CI 4.42–6.74; 
d = 0.50; p < 0.001; Fig. 2B).

3.2 � BESS Order of Administration

Only 71 (2.4%) participants completed BESS at the begin-
ning OoA level and were excluded from the statistical 
model, but descriptive statistics are reported in Table 3. 
The BESS total error scores were therefore assessed via 
an independent t test. Total BESS errors were significantly 
higher (p = 0.001), with participants completing BESS at 
the end of the battery committing 1.06 more total errors 
with a small effect size (95% CI 0.43–1.69; d = 0.17) 
when compared to those completing BESS in the middle 
(Table 3 and Fig. 2C).

3.3 � SAC Order of Administration

Total SAC score was significantly different between begin-
ning, middle, and end OoA groups (p < 0.001; Table 3). 
Beginning group SAC scores were statistically greater 
than middle (mean difference = 0.58; 95% CI 0.25–0.90; 
d = 0.33; p < 0.001) and end (mean difference = 0.44; 95% 
CI 0.16–0.73; d = 0.24; p = 0.001) with medium effect 
sizes. Total SAC score was not statistically different 
between middle and end OoA groups (p = 0.278; Fig. 2D).

3.4 � ImPACT Order of Administration

Significant OoA differences were present for all four 
ImPACT domain scores (p ≤ 0.002; Table 3) and are pre-
sented in Fig. 3. The verbal memory domain score was 
greater when taken in the beginning than middle (mean 
difference = 2.63; 95% CI 1.22–4.04; d = 0.28; p < 0.001) 
and end (mean difference = 1.39; 95% CI 0.37–2.41; 
d = 0.15; p = 0.004) OoAs with medium and small effect 

Table 2   Baseline order of administration across assessments

SCAT​ Sport Concussion Assessment Tool, BESS Balance Error Scor-
ing System, SAC Standardized Assessment of Concussion, ImPACT 
Immediate Post-Concussion Assessment and Cognitive Testing
a Level dropped from statistical analysis due to small sample size

Beginning Middle End

SCAT symptoms 32 (1.1%)a 2445 (84.4%) 421 (14.5%)
BESS 71 (2.4%)a 459 (15.9%) 2368 (81.7%)
SAC 264 (9.1%) 577 (19.9%) 2057 (71.0%)
ImPACT​ 1947 (67.2%) 295 (10.2%) 656 (22.6%)
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sizes, respectively. The verbal memory domain score was 
not statistically different between middle and end OoA 
groups (p = 0.158; Fig. 3A).

The visual memory domain score was better among the 
beginning OoA group with a small effect size compared 
to the middle (mean difference = 2.24; 95% CI 0.41–4.07; 
d = 0.18; p = 0.011) and medium effect size compared to the 
end (mean difference = 2.89; 95% CI 1.57–4.21; d = 0.23; 
p < 0.001) groups. The visual memory domain score was not 
statistically different between middle and end OoA groups 
(p = 0.735; Fig. 3B).

The visual motor speed domain score was statistically 
different, but inconsistent, across group comparisons. The 
beginning OoA group was lower with a medium effect 
compared to the middle (mean difference = − 1.21; 95% CI 
− 2.15 to − 0.29; d = − 0.19; p = 0.006) but was not different 
compared to the end group (p = 0.436). Visual motor speed 
was higher among middle group administration compared 
to the end group with a medium effect size (mean differ-
ence = 1.57; 95% CI 0.53–2.61; d = 0.23; p = 0.001; Fig. 3C).

The reaction time domain score model was statistically 
different overall, but post-hoc t tests demonstrated only the 
beginning OoA group was faster with a small effect size 
compared to the end group (mean difference = − 0.01; 
95% CI − 0.00 to − 0.02; d = − 0.13; p = 0.008). No other 

OoA comparisons were statistically significant (p ≥ 0.052; 
Fig. 3D).

4 � Discussion

Our findings indicate that symptom number and severity, 
balance, cognitive screening assessment, and computerized 
neurocognitive assessment performance are significantly 
altered based upon when they are completed during baseline 
testing. Though statistically significant, the immediate clini-
cal meaning of the differences across each outcome is not 
clear due to varying effect size magnitudes and mean differ-
ences. Our findings however still collectively point towards 
a potentially optimal baseline OoA in hopes of reducing 
measurement error with minimal effort to researchers and 
clinicians.

Numerous confounders affecting optimal baseline assess-
ment performance have been established [11, 12, 27, 43], 
highlighting specific factors clinicians and researchers 
should account for when possible. Our findings add to exist-
ing baseline assessment considerations but simultaneously 
provide a relatively simple solution. For example, the SCAT 
symptom checklist resulted in considerable symptom num-
ber and severity differences based on OoA. Though there 

Table 3   Baseline order of 
administration ANOVA models

a Indicate the best performance statistically within a given baseline assessment outcome score
b p values from either omnibus one-way ANOVA models or independent t tests
c Beginning group dropped from statistical analysis due to small sample size (Table 2), and therefore the p 
value and t statistic reflect the middle and end group comparison
d ImPACT domain scores presented as standard composite scores
SCAT​ Sport Concussion Assessment Tool, BESS Balance Error Scoring System, SAC Standardized Assess-
ment of Concussion, ImPACT​ Immediate Post-Concussion Assessment and Cognitive Testing

Beginning Middle End p valueb 
(t-statistic or F 
ratio)

Mean (SD) Mean (SD) Mean (SD)

SCAT symptom number 2.44c (3.45)c 4.34 (4.74) 2.11 (3.02)a  < 0.001
T2864 = 9.32

SCAT symptom severity 3.84c (7.02)c 8.76 (11.92) 3.18 (5.39)a  < 0.001
T2864 = 9.44

BESS total errors 11.87c (4.55)c 13.27 (6.12)a 14.33 (6.36) 0.001
T2825 = − 3.28

SAC total score 27.85 (1.67)a 27.27 (1.75) 27.40 (1.90)  < 0.001
F2, 2895 = 8.94

ImPACT​d

 Verbal memory 89.54 (9.23)a 86.91 (11.37) 88.15 (9.99)  < 0.001
F2, 2895 = 12.49

 Visual memory 80.75 (12.14)a 78.51 (13.05) 77.86 (13.14)  < 0.001
F2, 2895 = 15.14

 Visual motor speed 41.42 (6.16) 42.63 (6.66)a 41.06 (6.72) 0.002
F2, 2895 = 6.38

 Reaction time 0.59 (0.08) 0.58 (0.09)a 0.60 (0.09) 0.002
F2, 2895 = 6.01
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were not enough participants completing SCAT at the begin-
ning of baseline testing to statistically assess, we observed 
that completing it at the end versus the middle resulted 
in symptom number and severity decreasing by 2.23 and 
5.58, respectively. The observed symptom differences may 
be clinically meaningful as moderate effect sizes (d = 0.49 
and 0.50) were identified, and mean differences approach 
the previously published [27] 90% non-parametric change 
score confidence interval (90% ∆CI) values of 3 and 6 for 
total symptom number and severity, respectively. The 90% 
∆CI values provide researchers and clinicians a degree of 
certainty (i.e. 90%) for identifying if outcome scores have 
changed when an assessment has improved or declined and 
are similar in interpretation to a reliable change index but 
differ in their mathematical calculation [27, 44, 45]. The 
90% ∆CI provides direct clinical insights to if an indi-
vidual’s or a cohort’s outcome score has changed, and are 

discussed throughout to provide immediate clinical rel-
evance to our findings.

The clinical implications of our findings suggest the 
SCAT symptom checklist may be better to implement at 
the end of baseline assessments rather than at the middle of 
the testing battery. Our findings contradict our hypothesis 
that the potential cognitive fatigue induced during baseline 
assessments would exacerbate symptoms when completed at 
the end. Though we did not statistically compare the SCAT 
symptom performance beginning OoA category with middle 
or end categories due to the small sample size, the reported 
group estimates for all three categories (Table 3) still suggest 
completing the SCAT symptom checklist at the end is opti-
mal. Cognitive fatigue is an established phenomenon [24, 
25], but it is possible it is not applicable to symptom assess-
ments or even all baseline assessments, where there are often 
short pauses between assessments. Baseline assessments 

Fig. 2   a SCAT total symptom number, b SCAT total symptom sever-
ity, c BESS total error score, and d SAC total score across beginning 
(red), middle (yellow), and end (blue) order of administration group-
ings. The SAC total score y-axis is truncated to more clearly show 
all participant datapoints. The beginning categories are not displayed 
for SCAT or BESS due to small sample sizes leading to this category 
being excluded from statistical analysis. Each participant’s outcome 

score for each assessment is plotted via jittered, 95% transparent 
dots. The thick, black line in box plots represents median values, box 
widths represent first (25%) and third (75%) quantiles, and whiskers 
represent box quantiles ± 1.5 × interquartile range. SCAT​ Sport Con-
cussion Assessment Tool, BESS Balance Error Scoring System, SAC 
Standardized Assessment of Concussion
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anecdotally can be a stressor for student-athletes given the 
cognitive and motor challenges employed and the sports 
environment sometimes putting arbitrary pressure on them 
to “pass their baseline”. It is possible completing the symp-
tom checklist at the end may better capture an individual’s 
true pre-injury status and serve as a better comparator post-
injury. It is important to note that the ImPACT has a symp-
tom checklist embedded at the beginning of testing and may 
confound our findings. This may also be a limitation due to 
serial symptom assessment, but previous findings indicate 
healthy participants do not demonstrate meaningful changes 
in symptom number or severity across the daily assessment 
[46].

There was not a large enough sample size completing 
BESS, in the beginning, to fully examine across OoA and 
limits our insights. Student-athletes on average committed 
1.06 more total errors on BESS when administered at the 
end of baseline testing relative to the middle. Our findings 

supported our hypothesis that later BESS baseline testing 
would result in worse performance. Balance assessments 
may be adversely altered due to cognitive fatigue being 
reported to alter both physiological and perceived physical 
performance capabilities [47], and may partially explain 
this finding. However, this statistical difference is likely 
not clinically meaningful due to the small magnitude effect 
size (d = 0.17) and total mean error difference only being 
around 1. The 90%∆CI for BESS total errors ranges from 
5 to 6 [27], suggesting OoA is a minimal consideration 
on its own. Other factors such as inter- and intra-tester 
reliability [43], sex [48], age [48], and physical exertion 
prior to assessment[49] play a larger role in altering BESS 
performance. However, it is possible OoA has an additive 
effect on errors when coupled with established influential 
factors. Given the minimal effort required for switching 
assessment OoA, clinicians could consider completing 

Fig. 3   ImPACT domain scores of a verbal memory, b visual mem-
ory, c visual motor speed, and d reaction time across beginning (red), 
middle (yellow), and end (blue) order of administration groupings. 
All ImPACT domain score y axes are truncated to more clearly show 
all participant datapoints. Each participant’s outcome score for each 

assessment is plotted via jittered, 95% transparent dots. The thick, 
black line in box plots represents median values, box widths repre-
sent first (25%) and third (75%) quantiles, and whiskers represent box 
quantiles ± 1.5 × interquartile range. ImPACT​ Immediate Post-Con-
cussion Assessment and Cognitive Testing
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BESS during the middle of baseline testing when possible 
to potentially reduce measurement variability.

The SAC total score was statistically better when 
completed at the beginning of the baseline assessment 
relative to the middle or end (mean difference = 0.58 and 
0.44; Cohen’s d = 0.33 and 0.24, respectively). Our find-
ings supported our hypothesis that earlier baseline order 
completion would result in better performance. Cognitive 
fatigue may be applicable to baseline concussion assess-
ments such as SAC, but likely not in a clinically mean-
ingful way. These statistically significant findings likely 
have minimal clinical implications on their own as the 
mean differences are far from the 2-point 90% ∆CI and the 
medium effect sizes are relatively low. The mean differ-
ence values observed in this study are similar to previous 
work identifying males and those with ADHD have worse 
performance than females and those without ADHD by 
0.50 and 0.71, respectively [50]. Our findings suggest SAC 
performance is minimally influenced by OoA. Clinicians 
and researchers may not need to consider when SAC is 
completed in the baseline OoA.

The ImPACT platform is utilized by 84% of sports medi-
cine healthcare providers in the United States, making it 
the most widely implemented computerized neurocognitive 
test [8]. Numerous confounders to optimal baseline ImPACT 
outcome scores exist and mark the importance of control-
ling for variability when possible [11–14]. Our findings 
indicate each ImPACT domain was influenced by OoA, but 
similar to SAC, these differences are unlikely to be clini-
cally important. Verbal memory, visual memory, and reac-
tion time resulted in better outcome scores when completed 
at the beginning of baseline testing relative to middle or end 
assessments, but visual-motor speed performance was mini-
mally worse when completed at the beginning. Our hypoth-
esis was supported by our findings given the better ImPACT 
performance when completed earlier during baseline testing. 
Similar to SCAT and SAC though, cognitive fatigue may 
be a negligible contributor to the observed findings. The 
ImPACT does require sustained attention and effort, but the 
subtests employed change to assess the four domain scores 
and may help alleviate cognitive fatigue. Though three of 
the four domain scores were better when completed at the 
beginning, these statistical improvements possessed mar-
ginal mean differences. The published 90% ∆CIs for verbal 
memory (9.6), visual memory (13.6), visual-motor speed 
(4.4), and reaction time (0.08 s) are 4.6–8.0 times greater 
than the mean differences between beginning and end orders 
observed [27]. The previously established influential factors, 
such as sleep [16], motivation,[17], effort [13], or physi-
cal[18] and mental fatigue[19], may have an augmented 
effect with OoA that was not explored in this study. Given 
the minimal additional effort needed to alter baseline OoA, 
clinicians and researchers could consider implementing 

ImPACT at the beginning to potentially optimize its assess-
ment performance across the majority of domains.

Though the observed OoA mean differences and effect 
sizes observed among individual baseline assessments 
may indicate minimal performance changes, making clini-
cal changes where possible to reduce variability and opti-
mize assessment performance may be beneficial. Our find-
ings potentially point towards an improved baseline OoA 
when considering all assessments together. Both the SCAT 
symptom number and severity score were the most affected 
baseline measure relative to the 90% ∆CI. Symptom check-
lists have consistently been the strongest diagnostic tool for 
concussion assessment [5–7], and our findings potentially 
indicate completing them at the end of the pre-injury base-
line may provide optimal order. The majority of ImPACT 
domain scores were better during the beginning of baseline 
testing, and BESS total errors were lowest when completed 
in the middle. The SAC assessment has statistically favored 
the beginning of OoA, but its mean difference relative to 
the 90%∆CI was the least considerable among all baseline 
assessments. Therefore, we propose an optimal order for 
completing baseline assessments that may be: (1) ImPACT, 
(2) SAC, (3) BESS, and (4) SCAT symptom checklist. Given 
the SCAT5 [51] is comprised of all these assessments except 
ImPACT, the SCAT5 and future renditions could theoreti-
cally benefit from the OoA being reordered to SAC, BESS, 
and SCAT symptom checklist to potentially optimize this 
standardized assessments performance. However, reorgani-
zation of the SCAT5 should be further studied and explored 
to ensure its validity is maintained. Clinicians and research-
ers could consider implementing baseline assessments in this 
order to reduce assessment error and provide more accurate 
insights to pre-injury status. This optimal baseline order may 
also potentially be implemented with post-injury assess-
ments to minimize assessment error. Given OoA altered 
all pre-injury assessment outcomes, it is plausible OoA 
will augment post-injury performance as well. Researchers 
should aim to fully explore if and to what degree OoA alters 
post-injury assessments to establish if the proposed order 
still holds true.

4.1 � Limitations

Our study examined a collegiate athletic and military cadet 
sample and these findings may not be representable or appli-
cable to other populations. Our study was a retrospective 
observational study design with inherent limitations such as 
unequal and uncontrolled OoA sample size that contributed 
to the small sample sizes completing the SCAT symptom 
checklist and BESS in the beginning OoA. Because negli-
gible sample sizes were present for beginning OoA SCAT 
symptom checklist and BESS, we were unable to statisti-
cally assess if beginning OoA produced better outcomes. 
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Additionally, we binned baseline OoA to account for varia-
tion across CARE sites, which can indirectly influence over-
all findings. Some CARE Consortium sites also conducted 
supplemental assessments beyond those discussed [9], which 
accounted for 286 participants (9.9%) of cases presented. 
Though the majority of supplemental assessments take mini-
mal time to complete, these short additional assessments 
may confound our findings. Our study however provides 
preliminary insights into how OoA may influence baseline 
assessments using previously collected data. Future research 
should examine OoA using a prospective, and more con-
trolled study design with randomization to fully understand 
the role OoA plays on concussion baseline performance.

5 � Conclusions

Concussion baseline assessments consisting of SCAT symp-
tom checklist, SAC, BESS, and ImPACT are all influenced 
by the OoA they are each completed in. Not all assessments 
resulted in clinically meaningful differences based on OoA 
alone. Completing the SCAT symptom checklist at the end 
of baseline testing resulted in less total symptom number 
and severity. The BESS assessment produced fewer total 
errors when completed during the middle of baseline test-
ing, SAC favored the beginning of baseline testing, and 
ImPACT verbal memory, visual memory, and reaction time 
were better at the beginning of baseline testing. Our results 
may indicate completing baseline assessments in the order 
of (1) ImPACT, (2) SAC, (3) BESS, and (4) SCAT symp-
tom checklist could slightly optimize performance across 
assessments collectively, though future prospective research 
is warranted. Clinicians may consider completing baseline 
assessments in this order to potentially reduce assessment 
error and provide more accurate insights to pre-injury status. 
Our findings also may indicate the SCAT5 and future ver-
sions could be reorganized to (1) SAC, (2) BESS, and (3) 
SCAT symptom checklist to potentially reduce assessment 
variability, though future research is warranted.
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